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Introduction
Child mortality, commonly on the agenda of public health and international development agencies, has received renewed attention as a part of the United Nation's Millennium Development Goals. Approximately ten million infants and children under five years of age die each year, with large variations in under-five mortality rates, across regions and countries (Espo, 2002) .
Childhood mortality rates have declined all over the world in the last fifty-five years.
Between the mid 1940s and early 1970s, child death rates even in the developing countries reduced significantly (see for example, Baker, 1999) . A great deal of these gains was achieved through interventions targeted at communicable diseases (diarrhoea, respiratory infections, malaria, measles and other immunizable childhood infections).
However these health gains were short lived. In the mid 1970s the worldwide progress was not maintained and infant mortality rates rose especially in Africa because diseaseoriented vertical programmes were not effective alone. Maternal, environmental, behavioural and socio-economic factors were recognized as additional important determinants of infant survival. According to UNICEF (1999) , the decline in child mortality in Africa has been slower since 1980 than in the 1960s and 1970s. Of the thirty countries with the world's highest child mortality rates, twenty-seven are in subSaharan Africa. The region's under-five mortality in 1998 was 173 per 1000 live borns (UNICEF, 2000) compared to the minimum goal of 70/1000 internationally adopted in the 1990 World Summit for Children. Causes of infant mortality are multi-factorial, especially in developing countries, where there are great variations between social, economic and demographical groups of people even inside one country.
Although enormous literature exists on child mortality, evidence on why infant and child mortality rates remain high in many sub-Saharan African countries despite action plans and interventions made is still scanty.
Environmental risk factors account for about one-fifth of the total burden of disease in low income countries according to recent estimates (World Bank, 2001) . WHO (2002) reports that among the ten identified leading mortality risks in high-mortality developing countries, unsafe water, sanitation and hygiene ranked second, while indoor smoke from solid fuels ranked fourth. About 3 per cent of these deaths (1.7 million) are attributable to environmental risk factors and child deaths account for about 90 per cent of the total.
According to Shyamsundar (2002) , environmental health risks fall into two broad categories. The first are the traditional hazards related to poverty and lack of development, such as lack of safe water, inadequate sanitation and waste disposal, indoor air pollution, and vector-borne diseases. The second category is the modern hazards such as rural air pollution and exposure to agroindustrial chemicals and wastes that are caused by development that lacks environmental safeguards.
As the world enters into the twenty-first century, debate on childhood mortality remains a big issue for developing countries. Their commitment is reflected in their desire to reduce the level of child mortality by two-thirds of their 1990 levels by the year 2015, as expressed in the Millennium Development Goals. To achieve this goal, it is imperative to determine what factors contribute to the high levels of child mortality in developing countries.
Several studies have been conducted on infant and child mortality in Kenya, most of which have used indirect methods like the Trussell's technique to estimate the child mortality. Some of these studies have also employed multivariate linear and logistic regression to identify the determinants of infant child mortality. However, Ordinary Least Squares (OLS) or binary dependent variable regression models cannot handle very well the aspect of child mortality because of the occurrence of the transition event being the dependent variable because of problems of censoring (and truncation), time varying covariates and structural modeling (Jenkins, 2003) . This study introduces survival analysis into child mortality modeling in Kenya. Duration models are the most suited for such analysis because they account for problems like right-censoring, structural modeling and time varying covariates which traditional econometric techniques cannot handle adequately.
Background
Although accurate information on cause of death is lacking, the leading cause of underfive mortality in Kenya is pneumonia, malaria, measles and diarrhoeal disease, which are estimated to have been responsible for some 60 per cent of disease burden in the region (Murray and Lopez, 1996) . Kenya experienced a dramatical fall in child mortality in the late 1940s and early 1960s. Until around 1980, the under-five mortality rate fell at an annual rate of about 4 per cent per annum. This rate of decline slowed in the early 1980s to about 2 per cent per annum. Data from the 1998 Kenya Demographic and Health Survey (KDHS) (National Council for Population and Development, Central Bureau of Statistics and Macro International, 1989) show that, far from declining, the under-five mortality rate increased by 25 per cent from the late 1980s to the mid 1990s. The recent Kenya Demographic and Health Survey (CBS, 2004) shows that under-five mortality rate is 115 deaths per 1,000 live births (see Table 1 ). 
Statement of problem
The environment, which sustains human life, is also a profound source of ill health for many of the world's people. In the least developed countries, one in five children does not live to see their fifth birthday, mostly because of avoidable environmental threats to health. This translates into approximately 11 million avoidable childhood deaths each year (WRI, 1999; World Bank, 2004) . Hundreds of millions of others, both children and adults, suffer ill health and disability that undermine their quality of life and hopes for the future. These environmental health threats, arguably the most serious environmental health threats facing the world's population today, stem mostly from traditional problems long since solved in the wealthier countries, such as a lack of clean water, sanitation, adequate housing, and protection from mosquitoes and other insect and animal disease vectors.
Poverty also influences health because it largely determines an individual's environmental risks, as well as access to resources to deal with those risks. Throughout the developing world, the greatest environmental health threats tend to be those closest to home. Many in these countries live in situations that imperil their health through steady exposure to biological pathogens in the immediate environment. More than 1 billion people in developing countries live without adequate shelter or in unacceptable housing. A further 1.4 billion lack access to safe water, while another 2.9 billion people have no access to adequate sanitation (World Bank, 2004) , all of which are essential for good hygiene. Unable to afford clean fuels, the poor largely rely on biomass fuels for cooking and heating. Inside the smoky dwellings of developing countries, air pollution is often higher than outdoors in the world's most congested cities.
As already mentioned, infant mortality rates in Kenya are still very high compared to other countries and have increased by 30 per cent between 1989 and 2003. Reducing child mortality is the fourth Millennium Development Goal, whose target is to reduce the under-five mortality rate by two-thirds between 1990 and 2015. Despite numerous interventions and action plans, very little evidence exists on why the infant and child mortality rates are increasing in Kenya. If Kenya is committed to achieving the MDG on child mortality, it is prudent to understand clearly the factors that are contributing to the high levels of mortality. This study therefore explores the household's environmental and socio-economic characteristics and their effect on child and infant mortality in Kenya.
Objectives of the study
The general aim of the study is to explore the relationship between households' environmental and socio-economic characteristics on child mortality. The specific objectives are: -To assess the relationship between the environment and child mortality in Kenya -To identify the environmental determinants of child mortality, controlling for other covariates
In order to meet the above objectives, the following hypotheses are tested: -Household's access to safe water has no effect on child mortality.
Children born in households without sanitation facilities are more likely to die than those in households without.
The household's main source of cooking fuel has no effect on child mortality.
3 Literature review
Theoretical literature
There is a relatively large literature that focuses on the determinants of child mortality (for a survey, see Wolpin, 1997) . Theoretical frameworks are often presented as health production functions, which capture the structural relation between health outcomes and the household's behavioural variables, like nutrition, breastfeeding, child spacing, etc. (see Schultz, 1984) . In the framework of a health production function, child mortality risks depend on both observed health inputs and unobserved biological endowment or frailty. Not properly taking account of these unobserved characteristics or the relation between children within a family may lead to inconsistent and inefficient estimators (for example, see Ridder and Tunali, 1999 ).
There are a number of different analytical frameworks through which to view the effects of different determinants on childhood mortality. Demographic research by Mosley and Chen (1984) and by Schultz (1984) made the distinction between variables considered to be exogenous or socio-economic (i.e. cultural, social, economic, community, and regional factors) and endogenous or biomedical factors (i.e. breastfeeding patterns, hygiene, sanitary measures, and nutrition). The effects of the exogenous variables are considered indirect because they operate through the endogenous biomedical factors. Likewise, the bio-medical factors are called intermediate variables or proximate determinants because they constitute the middle step between the exogenous variables and child mortality (Jain, 1988; Mosley and Chen, 1984; Schultz, 1984; UN, 1985) . Mosley and Chen (1984) were among the first to study the intermediate biomedical factors affecting child mortality, labeled 'proximate determinants' They distinguished fourteen proximate determinants and categorized them into four groups: maternal [fertility] factors, environmental sanitation factors, availability of nutrients to the foetus and infant, injuries, and personal illness control factors.
Empirical literature
Several studies have been carried out on infant and child mortality using census and survey data. In Kenya, all of these studies have used indirect methods, mostly the Trussel's technique, Preston method and Coale-Demeny model life table to estimate child mortality.
For instance, Jada (1992) and Okumbe (1996) combine the Trussell's technique for estimating child mortality based on the Coale-Demeny model life table with multivariate linear regression; Wanjohi (1996) employs the Trussell-Preston methods and multivariate regression analysis to calculate mortality indices for each woman; Omariba (1993) utilizes the Coale and Trussel technique as well as multiple regression analysis using census data to estimate mortality in Kajiado district; De-Gita (1996) and Ouma (1991) also employ the Trussell's technique while Kamau (1998) uses crosstabulation and regression analysis. All these studies, which use either the KDHS or census data to measure the effect of socio-economic, environmental or demographic covariates on child mortality, find demographic, socio-economic and environmental factors (type of toilet facility, type of bathing facility, source of drinking water) to be significantly related to infant and child mortality.
In Malawi, Baker (1999) and Espo (2002) use indirect methods to estimate levels and trends of mortality in Malawi. Although the results from former study indicate that owning a pit latrine does not have a significant effect on child mortality (which is explained by the argument that just because a household has sanitation facilities does not mean that it will be used hygienically or by all members of the household), the latter's results indicate that the source of drinking water and sanitation facilities are strong predictors of infant mortality Woldemicael (1988) employs a logistic regression to examine the effect of some environmental and socio-economic factors that determine childhood diarrhoea in Eritrea, using data from the 1995 Eritrea Demographic and Health Survey (EDHS). The results show that the type of floor material, household economic status and place of residence are significant predictors of diarrhoea. Similarly Timaeus and Lush (1995) , in a comparative study of rural areas of Ghana, Egypt, Brazil and Thailand, find out that children's health is affected by environmental conditions and the economic status of the household.
Duration modeling is applied by Hala (2002) to assess the impacts of water and sanitation on child mortality in Egypt. Results show that access to municipal water decreases the risk and sanitation is found to have a more pronounced impact on mortality than water.
The hazard rate framework is elegantly utilized by Klaauw and Wang (2003) , in which a flexible parametric framework for analyzing infant and child mortality is developed. Their model predicts that a significant number of deaths, of children under five years, can be averted by providing access to electricity, improving the education of women, providing sanitation facilities and reducing indoor air pollution. In particular, reducing indoor air pollution and increasing the educational level of women might have substantial impacts on child mortality. In a related study, Jacoby and Wang (2003) examine the linkages between child mortality and morbidity, and the quality of the household and community environment in rural China using a competing risks approach. The key findings are that (1) the use of unclean cooking fuels (wood and coal) significantly reduces the neonatal survival probability in rural areas; (2) access to safe water or sanitation reduces child mortality risks by about 34 per cent in rural areas; (3) a higher maternal education level reduces child mortality and female education has strong health externalities; (4) access to safe water/sanitation, and immunization reduce diarrhoea incidence in rural areas, while access to modern sanitation facilities (flush toilets) reduces diarrhoea prevalence in rural areas; (5) significant linkages between Acute Respiratory Infections (ARI) incidence and use of unclean cooking fuels are found using the city level data constructed from the survey.
Wang (2003), using the results from the 2000 Ethiopia DHS examines the environmental determinants of child mortality by constructing three hazard models (the Weibull, the piecewise Weibull and the Cox model) to examine three age-specific mortality rates: neonatal, infant, and under-five mortality by location (urban/rural), female education attainment, religion affiliation, income quintile, and access to basic environmental services (water, sanitation and electricity). The estimation results show a strong statistical association between child mortality rates and poor environmental conditions.
Overview of literature
There is general consensus in the literature that a household's socio-economic and environmental characteristics do have significant effects on child and infant mortality. This is true for studies which employ both direct and indirect techniques to estimate infant and child mortality.
As observed in most studies, a household's income has a significant effect on the survival prospects of children. Higher mortality rates are experienced in low income households as opposed to their affluent counterparts.
The mother's level of education is strongly linked to child survival. Higher levels of educational attainment are generally associated with lower mortality rates, since education exposes mothers to information about better nutrition, use of contraceptives to space births, and knowledge about childhood illnesses and treatment. Larger differences have been found to exist between the mortality of children of women who have attained secondary education and above and those with primary level of education or less.
On the household's environmental characteristics, safe source of drinking water supply has a significantly negative effect on child mortality. The same holds true for those with sanitation, which in most cases is taken to be access to a flush toilet or a ventilated improved pit latrine.
Differentials by urban/rural residence have commonly been observed, with urban areas having more advantages and therefore better child survival prospects.
As concerns the demographic variables, the patterns of mortality by maternal age and birth order are typically U-shaped. Children born to both relatively old and young women have higher mortality rates than others; the interpretation of the effect of maternal age at birth on infant mortality must be biological, i.e., it depends on reproductive maturity. Moreover, first and higher order births also have higher mortality rates since the birth order reflects the components of the child's biological endowment.
As for the child's gender, it is widely believed that male mortality is higher due to biological disadvantages. Twins face a higher mortality risk.
Methods

Theoretical model
In this section, we present the model for estimating infant and child mortality. Our study employs survival analysis, the main concepts of which are the hazard function and the survivor function. The length of a spell for a subject (person, firm, etc.) is a realization of a continuous random variable T with a cumulative distribution function, failure function F(t), and probability density function, f(t). The failure function is given as:
where T is the length of a completed spell and t is the elapsed time since entry to the state at time 0. The survivor function is obtained from the failure function and is given as:
The survivor function S(t) and the Failure function F(t) are each probabilities, and therefore inherit the properties of probabilities. The survivor function lies between zero and one, and is a strictly decreasing function of t. The survivor function is equal to one at the start of the spell (t = 0) and is zero at infinity.
Closely related is the concept of hazard rate, which is given as:
There is a one-to-one relationship between a specification for the hazard rate and the survivor function, which after some manipulation is given as:
is the integrated hazard function.
The important result is that, whatever functional form is chosen for (t), one can derive S(t) and F(t) from it (and also f(t) and H(t)), and vice versa.
Empirical model
Our aim is to estimate the hazard ratio of the probability of a child dying within the next day after surviving for t days, as a result of environmental factors, among others. In the context of child mortality, the hazard rate is often referred to as the mortality rate (Ridder and Tunali, 1999) . The mortality rate at age t can be interpreted as the intensity at which a child dies at this age, given that the child survived until age t. We focus on children who are born alive and model their mortality probabilities until the age of five.
To check robustness, we implement two models, a parametric (Weibull) and a semiparametric model (Cox) .
Weibull model
The literature contains an abundance of choices for parametric models; but we estimate a popular one, the Weibull model. The hazard function of the Weibull model is defined as
. α is a scale parameter with α <1 indicating that the hazard falls continuously over time, while α >1 indicates the opposite (see Greene, 2000) .
The hazard function h(t/X) will be estimated using Maximum Likelihood estimation. The likelihood function is given as:
The log-likelihood function is expressed as:
The log of h(t)S(t) is the individual contribution of the likelihood function that we intend to maximize.
Cox model
The distinguishing feature of Cox's proportional hazard model, sometimes simply referred to as the Cox model, is its demonstration that one could estimate the relationship between the hazard rate and explanatory variables without having to make any assumptions about the shape of the baseline hazard function. Hence the Cox model is sometimes referred to as a semi-parametric model. The result derives from innovative use of the proportional hazard assumption together with several other insights and assumptions, and a partial likelihood (PL) method of estimation rather than maximum likelihood.
The Cox model is given as follows:
The model makes no assumptions about the form of h(t) (non-parametric part) of the model but assumes a parametric form of the effects of the predictors on the hazard.
Parameter estimates in the model are obtained by maximizing the partial likelihood as opposed to the likelihood. The partial likelihood is given by:
The log partial likelihood is given by:
The partial log-likelihood can be treated as an ordinary log-likelihood to derive valid (partial) MLEs of β (see, Cox, 1972) . However, one of the problems here is the possible existence of unobserved heterogeneity 1 between children from different families since they potentially have a different duration distribution and the control for the effect of the related explanatory variables is incomplete. The result that holds generally about heterogeneity is that it leads to a downward biased estimate of duration dependence. Gail et al. (1984) showed that the unobserved heterogeneity tends to attenuate the estimated coefficients toward zero. On the other hand, standard errors and test statistics are not biased. For this reason, a correction for the unobserved heterogeneity based on the gamma distribution of heterogeneity with mean one and variance θ is used.
Data
The data used in the empirical analysis was obtained from the Kenya Demographic and Health Survey (KDHS) 2003. The KDHS provides information on fertility, mortality, health issues, socio-economic and environmental conditions. The KDHS 2003 is a nationally representative sample of 8,195 women aged between 15 to 49 and 3,578 men aged 15 to 54 selected from 400 clusters (sample points) throughout the eight provinces in Kenya. 1 Most empirical studies assume that health inputs have constant impacts on child mortality over the age of the child. We will relax these assumptions by accounting for unobserved heterogeneity.
As is often the case with data on child mortality, information comes from surveys among women. A special survey questionnaire for women called the women's questionnaire is administered to capture data on women's birth history. For each live born child the month of birth is recorded and whether or not the child is still alive at the time of the interview. If a child died during the observation period, the age at which the child died is asked. The age of death is observed within intervals, in case a child died within a month after birth, the age of death is recorded in days, if the child died between one month and two years, it is recorded in months, and otherwise it is recorded in years. Because we are only interested in child mortality until age five, we will artificially right-censor at this age. Right-censoring can also occur if a child is alive at the moment of the interview and younger than five years old.
The KDHS also collects information on asset ownership, such as car, radio, television, refrigerator etc. Asset ownership is a proxy for wealth and economic status (e.g. Filmer and Pritchett, 2001) . In low-income countries, where household income is often difficult to measure (particularly in rural areas), consumption expenditures are often used in determining poverty (e.g. Deaton, 1997) . Although asset ownership is less sensitive to short-term fluctuations than consumption expenditures, asset ownership and consumption expenditures are strongly correlated. Additionally, the KDHS provides information on livestock and land ownership, which are indicators of both economic and social status of a household. Land ownership is also an indicator of income from agriculture.
Limitations of the data
The KDHS data are recorded retrospectively and can therefore suffer from misreporting, for example a child who died at a very young age might not be reported. Several DHS studies show evidence of downward bias in reporting child deaths (Jacoby and Wang, 2003) , that is, the longer the recall period, the more likely the possibility of the respondents to misreport the case. The quality of mortality estimates calculated from retrospective birth histories depends upon the completeness with which births and deaths are reported and recorded. Potentially the most serious data quality problem is the selective omission of the birth histories of those who did not survive, which can lead to underestimation of mortality rates. Other potential problems include displacement of birth dates, which may cause a distortion of mortality trends, and misreporting of the age at death, which may distort the age pattern of mortality. When selective omission of childhood death occurs, it is usually most severe for deaths in early infancy. If early neonatal deaths are selectively underreported, the result is an unusually low ratio of deaths occurring within seven days to all neonatal deaths, and an unusually low ratio of neonatal to infant deaths. Underreporting of early infant deaths is most commonly observed for births that occurred long before the survey. An examination of the ratios shows no significant number of deaths omitted in the 2003 KDHS.
Definition of variables
The variables used in the estimations are defined in this section. The hazard rate, or in our case the child mortality rate, is the dependent variable and is defined as the probability per time unit that a child who has survived to the beginning of the respective interval will fail (die) in that interval.
The explanatory variables are classified into three groups: environmental, socioeconomic and demographic. The choice of these variables was guided by the determinants of child mortality literature. The main focus of this study is however, on the environmental variables.
Measurement of variables
Household income is proxied by wealth indices which are calculated by the KDHS on the basis of ownership of household assets. We categorize all the households into rich (richest, rich and medium) and poor (poor and poorest).
Two dummies are constructed for mother's education. These are mothers with education and those without. The former are those having at least primary education.
In this study, households with access to private or public tap water, as well as covered well water are considered to have safe water. Similarly, households that have either a flush or a pit latrine, whether private or shared, are regarded to have sanitation as opposed to those without any facility.
The households' main source of cooking fuel is categorized thus. Households using liquefied petroleum gas (LPG), electricity, kerosene and biogas are considered users of low-polluting fuels. Those using charcoal, firewood and coal are regarded as users of high-polluting fuels.
Results
Descriptive statistics
This sub-section contains a discussion of the characteristics of the study variables. Table 2 shows that the youngest woman was 15 while the oldest was 49 years of age, resulting in a mean age of 28 years. The mean household size was six members. With regard to educational attainment, about 80 per cent of the women had at least primary education. About 13 per cent of the households had electricity while 62 per cent of them were considered poor. Out of the sample, 3.4 per cent of the children were twins while 50.7 per cent of them were males.
Out of the women interviewed, 73.4 per cent were from a household with a flush toilet or a pit latrine and hence considered to have sanitation. In addition, 74.9 per cent met the study's qualification of having safe water. The majority (87.1 per cent) of the households use high-polluting sources of fuels for their cooking. Notes: *, **, *** significant at 10 per cent, 5 per cent and 1 per cent respectively.
Empirical results
All the variables in both the estimated Weibull and Cox models are significant and have the expected signs. A child born a twin has a significantly lower survival probability than a single born mainly due to biological factors. Male children (boys) have lower survival prospects than female children (girls). There is U-shaped pattern relationship between mother's age and childhood mortality, with children of the youngest and oldest women experiencing the highest risk of death.
With regard to the socio-economic variables, household size is negatively related to child mortality, meaning that higher child survival prospects are experienced in larger households in Kenya. Lower mortality is experienced in affluent households since they have better child survival prospects. These households have better housing conditions, better nutrition, better education and hence more empowerment and are able to afford better medical attention and care thus significantly enhancing the survival probability of all their members including the children.
Households with access to safe water have significantly lower mortality rates. Access to sanitation facilities is also significantly related to child mortality. Children born in households with either flush toilets or pit latrines have lower mortality rate than those born in households without any toilet facility.
With regard to the source of cooking fuel, children born in households using high polluting fuels as their main source of cooking fuel have higher mortality rates as compared to those using low polluting fuels. Higher incidence of respiratory infections which are responsible for child deaths is expected in households which use 'dirty' fuels as opposed to those using clean cooking fuels.
All these findings are consistent with Hala (2002) , Woldemicael (1988) , Klaauw and Wang (2003) and Jacoby and Wang (2003) . 
Weibull regression
From the Weibull model estimates, the shape parameter α which is shown as ρ in STATA has a value of 0.3 which implies that the hazard rate is decreasing continuously over time or in other words there is negative time dependence. This means that children face a higher hazard (mortality rate) in the initial days of birth than in later periods. The same is shown by the plotted graph of the hazard function (Figure 1 ).
Conclusions and policy implications
Summary and conclusions
The paper has empirically examined the environmental determinants of child mortality in Kenya using survival analysis. For purposes of robustness, two models have been implemented. Estimation results from both the Weibull and Cox models have shown that households' socio-economic and environmental characteristics do have significant impact on child mortality.
Of the demographic variables, children born twins, male children and children born of the youngest and oldest women experiencing high risks of death. All of these are mainly due to biological factors.
As for the socio-economic variables, better survival prospects are found to exist for children born in wealthier families. Lower mortality rates have also been found in households with electricity. Household size is negatively related to child mortality, meaning that lower child survival prospects are experienced in smaller households.
As expected, environmental characteristics of the household have been found to be significantly related to child mortality. Lower mortality rates are experienced in households that have access to safe drinking water, those with access to sanitation facilities and those using low polluting fuels as their main source of cooking.
Policy implications
Since Kenya has committed to the Millennium Development Goals, the fourth of which is the reduction of child mortality, the country should be relentless in its efforts to meet these goals. Of particular importance will be the mainstreaming of the MDGs into the current national policy of economic recovery strategy (ERS). Closely related to this should be the pursuit of pro-poor development strategies, as recognized in various government sessional papers. Sectoral programmes such as the Integrated Mother and Childhood Illnesses (IMCI) programme should also be emphasized in the same regard.
Greater efforts need to be put in place to ensure provision of basic services like water for all. Availability of safe sources of drinking water will significantly reduce child mortality and therefore investments in this sector will be rewarding.
Access to sanitation facilities like constructing toilets entail a private cost but do have significant social benefits. The government should work closely with both the private sector and civil society to ensure that households have universal access to sanitation facilities as this will to a great extend reduce the number of infant deaths. In addition, the proposed housing policy should make it mandatory for each housing unit to have a sanitation facility such that all households have access to sanitation facilities. Government policy should be focused towards promoting the use of low polluting fuels and in particular discouraging the use of firewood and charcoal which cause deforestation and other environmental problems. Through the use of economic instruments, incentives should be created for promotion of cleaner fuel sources. This would also create employment opportunities that translate into increased earnings and reduced poverty.
